Abstract The gamma-ray burst (GRB) efficiency of converting kinetic energy into γ-rays is a very important quantity, which can potentially confirm or rule out the commonly accepted internal-shocks model. Several authors have been estimate the efficiency from the afterglow and GRB emission.
INTRODUCTION
Since the successful launch of the swift GRB Explorer, abundant data from GRB early afterglows have been obtained. These new observations can not only test the commonly accepted standard models such as the internal and external shock models, also provide us with a rich information of GRB early afterglows. An important feature of early x-ray afterglow is that the light curves show a flattish decay (see e.g. Tagliaferri et al. 2005; Chincarini et al. 2005; Vaughan et al. 2005; Nousek et al. 2005; Cusumano et al. 2005) , which may be the result of a significant energy injection (Zhang et al. 2005; Nousek et al. 2005; Panaitescu et al. 2006 , Granot et al. 2006 ). In the standard models, GRBs arise from the internal shocks which can produce the rapid variability while the GRB afterglows result from the external shocks which can give rise to smooth light curves.
The typical efficiency of converting kinetic energy into γ-rays in the internal model is only 1% − 5% , Kobayashi, Piran & Sari 1997 , Kumar 1999 . Under some extreme assumptions, the efficiency can be as high as 40% (Kobayashi & Piran 1997 , 2001 ). However, if the energy injection model is right, the resulted GRB efficiency from the data of swift seem to be as high as 75%-90% or even higher (Zhang et al. 2005; Nousek et al. 2005; Ioka et al. 2005; Granot et al. 2006 , the result is disfavored by Fan & Piran (2006, hereafter FP06) who derived a acceptable value of ∼0.1 with a more accurate typical synchrotron frequency and considering the inverse Compton effect). This is difficult to be understood in the internal shocks model. A general formula to estimate the GRB radiative efficiency is first used by Lloyd-Ronning & Zhang (2004, hereafter LZ04) :
where E γ is the isotropic equivalent energy of the γ-ray in the prompt phase and E k is the remaining isotropic equivalent kinetic energy of the outflow. We re-examine this formula, and find it is approximate right only when the opening angles of the outflow are the same in the prompt and the afterglow phases (or the emission of both GRBs and their afterglows are both isotropic). However, it is believed that the jet angle is increasing with the hydrodynamic evolution due to the expanding sideways (Rhoads 1997 (Rhoads , 1999 Sari et al. 1999 ), though it is not so evident in the early afterglow phase (Huang et al. 2000) .
Thus the opening angle in the afterglow phase is slightly larger than that in the GRB phase.
The motivation of the paper is studying when the jet opening angle evolution is considered, whether the estimated GRB radiation efficiency changes significant or not.
In the second section, we derive the efficiency calculation formula in the case that the opening angle of the jet in the prompt and afterglow phases is different. In the third section, using the evolution equation group derived by Huang et al. (2000), we calculate 
THE CALCULATION OF GRB EFFICIENCY
It is widely believed that GRBs arise from jets collimated to a small angle. To derive the actual radiative and kinetic energy from the observed flux or fluence, the jet correction need to be considered, i.e., both the radiative energy E γ and kinetic energy E k should be multiplied by a so-called beaming factor. Then the actual efficiency (hereafter we call it revised efficiency) is
where f bγ and f bk are the beaming factors in the prompt and the afterglow phases, respectively and f = f bk /f bγ . For a double-sided jet, we have f bγ = 1 − cos(θ γ ) and
where θ γ and θ k are the opening angles during the prompt and the afterglow phases, respectively. Assuming the opening angles are approximately the same during the prompt and the afterglow phases, we will go back to the formula (1).
The hydrodynamic evolution of jets has be studied by a number of authors (e.g. (2000), which describe the overall evolution of a realistic GRB ejecta. The equations is as following:
where R be the radial coordinate in the burst source frame; γ is the bulk Lorentz factors of ejcta and β = γ 2 − 1/γ; m is the swept-up mass, n is the number density of surrounding interstellar medium (ISM) and m p is the mass of the proton; θ is the half opening angle of jet, c s = √γ
c is the comoving sound speed and the adiabatic index γ = (4γ + 1)/(3γ); M ej is the ejecta mass which is defined by E 0 (1
where E 0 , θ 0 and γ 0 are the burster energy (isotropic equivalent), the initial half opening angle of jet and the initial Lorentz factor, respectively; and ǫ is the radiation efficiency (the efficiency is that during the deceleration phase of ejecta after burst). In next section, we will calculate the revised efficiency ζ c with the above formulae. 
RESULTS
In order to calculate the actual radiative efficiency, we need obtain the beaming factors f bγ = 1 − cos(θ γ ) and f bk = 1 − cos(θ k ). From the end of the prompt emission phase to the beginning of significant deceleration of jet, the evolution of the opening angle of jet is insignificant. Thus we assume θ γ = θ 0 . Since LZ04 use the luminosity at 10 hours after the prompt emission to calculate the radiative efficiency, we take the opening angle of jet when t = 10 hours as θ k .
For solving the above hydrodynamic equation group, we need define the initial parameters. Here we adopt the typical parameters: γ 0 =300, E 0 =10 53 ergs, θ 0 =0.1 (radian) and n = 1 cm −3 . The initial energy E 0 and opening angle θ 0 of jet and the number density of surrounding ISM n is not decided well. We permit E 0 vary from 10 51 − 10 54 ergs, θ 0 from 0.01 to 0.3 , and n from 10 −2 −10 4 cm −3 . First we adopt the following three groups typical values: θ 0 = 0.1, n = 1 cm −3 , and E 0 = 10 51 , 10 52 , 10 53 , 10 54 ergs; E 0 = 10 53 ergs, n = 1 cm −3 and θ 0 = 0.05, 0.1, 0.2, 0.3; and E 0 = 10 53 , θ 0 = 0.1 and n = 0.01, 1, 100, 10000 cm −3 . Although the initial Lorentz factor is also uncertain, we find it has a weak effect on the calculated efficiency. Numerically calculating the half opening angle evolution of jet, we derive the revised radiative efficiency ζ c . Comparing them with original resulted efficiency ζ (Fig 1) , one can find when ζ is high (∼1) or low (∼0), the two values tend to be identical, while in the middle part, the difference between them is large. Then with two typical efficiency ζ = 0.5 and 0.1 derived by LZ04 and FP06, respectively, we calculate the efficiency ζ c in some extent of parameters, shown in Fig 2. From the figure, one can Table 1 The parameters and the calculated GRB efficiency. γ 0 = 300 is an assuming value. θ 0 and n are from Bloom et al. (2003) . For the kinetic energy E 0 of either burst, the first row is the value derived by FP06, and the second by LZ04 and the efficiency in brackets is the results of them. 
SPECIFIC BURSTS
We have calculated the revised efficiency ζ c with some typical parameters. To see how large the difference between the revised efficiency and the original value, we take two GRBs, GRB 010222 and GRB 000926, as examples. The efficiencies of two bursts are both relatively high (see LZ04 and FP06) and the parameters of them can be available from Bloom et al. (2003) . The parameters of the two bursts are shown in table 1. Here we take the half opening angles of jets derived from the light curve breaks as the initial angle θ 0 . In the standard model , the light curve break occurs at a time when the bulk Lorentz factor of the shock has slowed to γ ∼ θ −1 (Rhoads 1997; Sari et al. 1999) . Therefor the suggested angle is actually a value at the late afterglow, not the initial one. However, it is difficult to decide the initial angle to date, so we use it to calculate roughly the opening angle evolution. The are estimated a factor of about 1.4 by LZ04 and 2 by FP06 higher for the two bursts.
DISCUSSION AND CONCLUSIONS
Considering the angle evolution of jet for expanding sideways, we have calculated the revised efficiency. We find the GRBs efficiency in the prompt phase is generally estimated high. The revised efficiency is depended on the hydrodynamic evolution. The smaller the initial kinetic E 0 and half opening angle θ 0 of the ejecta are or the larger the number density of surrounding ISM n is, the more rapidly the half opening angle of the jet evolve.
This will result in a larger revision for the efficiency, i.e., the efficiency will be estimated higher with the formula (1). Using the typical parameters, we find the revised efficiency is only 0.052 and 0.33 which are lower by a factor of 0.52 and 0.66 than the typical efficiency 0.1 derived by FP06 and 0.5 by LZ04, respectively. We also take two bursts as examples: GRB 010222 and GRB 000926 and find the calculated revised efficiencies are lower by approximately the same factors like those with the typical parameters. We need note that here we assume an adiabatic evolution (i.e. ǫ = 0 in equation (6)). If the radiative loss is considered, the opening angle evolution of jet is more rapid and thus the revision for the original efficiency is larger. Moreover, we take a half opening angle at a late time in the afterglow phase as the initial opening angle. This may potentially overestimate this initial parameters. As we can see from Fig 2 , a more smaller initial opening angle will lead to a larger revision for the efficiency derived with equation (1).
Therefor our result only give an upper limit. The actual efficiency is possibly lower.
Recently, several authors argue that the efficiencies of some bursts observed by swift are as high as ∼75%-90%. If the standard internal shocks model is right, one possibility is that these bursts is in the extreme conditions, while another one may be these bursts evolve very fast for a low kinetic energy, a small initial half opening angle of jet, or (and) a dense ambient medium. Thus the derived efficiency with the common-used formula deviates far from the real value in these conditions, i.e., equation (1) will be no longer valid. After the factor is considered, the efficiency will decrease. Therefor, the standard internal shocks model may still apply in GRBs.
